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The Artist formerly known as …



Single night flights; 2x2 detector 
array;N2 cooling, standard balloon

Multiple flights of ~100 days; 50 CCDs; ULDB; dark 
energy constraints

Stage 1

Stage 2
2012-2016

2011-2014

HALO: The High Altitude Lensing 
Observatory (idea as in ~2008)

This	
  clearly	
  did	
  not	
  happen…	
  so	
  why	
  is	
  this	
  now	
  a	
  good	
  idea?



• Diffraction	
  limited	
  resolution	
  
• Space-­‐like	
  sensitivity	
  
• Enormous	
  imaging	
  speed	
  in	
  

the	
  Blue/UV	
  

The	
  idea	
  was	
  always	
  good…

Overwhelming	
  advantage	
  in	
  the	
  
near	
  UV	
  	
  (	
  λ	
  <	
  400	
  nm)

Significant	
  advantage	
  in	
  the	
  
near	
  IR	
  	
  (	
  λ	
  >	
  900	
  nm)	
  

Main	
  Argument:	
  It’s	
  cheap

The	
  idea	
  was	
  always	
  good…so	
  why	
  now?
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First Mid-latitude long
  duration balloon �ight
    this spring

     33 day �ight.

     Excellent altitude 
    stability

Started to loose pressure
over Australia.

2500 lb science payload.

Antarctic �ights
ULDB mid latitude flights are happening



SPIDER	
  –	
  January	
  2015

SPB	
  –	
  March	
  2015



AntarcXc	
  LDB:	
  Sun	
  above	
  the	
  horizon	
  100%	
  of	
  the	
  Xme.	
  
DayXme	
  sky-­‐glow	
  is	
  significant,	
  show	
  stopper	
  in	
  the	
  near	
  UV/IR	
  



A	
  new	
  mid-­‐laXtude	
  capability	
  has	
  opened	
  up	
  access	
  to	
  
long	
  duraXon	
  night	
  flights	
  in	
  this	
  environment	
  

Mid	
  Latitude	
  ULDBs:	
  
≈100	
  day	
  flights,	
  6-­‐12	
  hour	
  nights
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SuperBIT	
  mission	
  -­‐	
  launch	
  2017/18

BIT	
  test	
  flight

Science	
  cases:	
  Cluster	
  Weak	
  Lensing	
  
Clusters	
  in	
  their	
  filamentary	
  environment,	
  
DES	
  overlap	
  and	
  calibration	
  ideas



KAI	
  29050

interline CCD detector with 6576x4384, !
5.5 micron (0.23”) square pixels

SuperBIT - 0.3’’ resolution imaging over a 0.4 field of view in five bands between 
300 and 1000 nm with sensitivities exceeding 24th magnitude (5 point source).



Problem	
  1:	
  	
  Pointing	
  stability	
  

Gondola	
  achieves	
  1’’	
  stability



Problem	
  1:	
  	
  Pointing	
  stability	
  

• Fast	
  steering	
  mirror	
  
(~60Hz)	
  to	
  stabilize	
  
image	
  
!
• Requires	
  bright	
  guide	
  
stars	
  
!
• Sunrise	
  has	
  achieved	
  
<50mAs

  

Final stage: 'fast' steering mirror to stabilize image
eg: STABLE.

Sunrise has
achieved 
<50mAs
in �ight

Image Stabilization



Problem	
  2:	
  	
  Data	
  Recovery…	
  



Idea	
  AIRS:	
  Automated	
  Information	
  Retrieval	
  System
• JPL	
  summer	
  student	
  project	
  (Mentor	
  

Jason	
  Rhodes)	
  
• GPS	
  guided	
  autonomous	
  glider	
  
• Can	
  return	
  a	
  solid	
  state	
  hard	
  drive	
  

from	
  balloon	
  altitude	
  to	
  ground	
  
• Simple	
  technology	
  
• Cheap	
  (~$1k)	
  
• Safe	
  (meets	
  all	
  FAA	
  regulations)	
  
!

• Had	
  only	
  done	
  low	
  altitude	
  glide	
  
tests	
  (~10	
  meters)	
  

• More	
  development	
  done	
  this	
  
summer	
  
!

• Could	
  retrieve	
  1	
  TB	
  during	
  every	
  
overpass	
  (every	
  2-­‐3	
  weeks)	
  
!



  

BLAST has �ow a 2m
primary.

The Gondola can
accommodate up to 
A 2.5m mirror.

A very fast telescope 
so very sensitive to
thermal expansion.

Mirror Size

Future
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Synergies

Euclid:	
  
Photo-­‐zs,	
  	
  
Blue+UV	
  observations	
  

LSST:	
  
Blue+UV	
  observations,	
  photoz	
  	
  
Shapes,	
  blending

WFIRST	
  
photo-­‐z,	
  Blue+UV	
  
Optical	
  bands

Quick	
  performance	
  comparison:	
  
Euclid 1	
  future	
  Balloon	
  mission

day/night 13
3.5 1100	
  d/year

camera	
  FoV
mirror	
  size

0.57	
  deg^2
1.2	
  m

??
??

money1G	
  USD ~100	
  x	
  cheaper
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Multi-Balloon Campaign as a far- 
future missions

•	
  Near-­‐Space	
  quality	
  imaging	
  
•	
  advantages	
  in	
  UV	
  and	
  IR	
  transmission	
  
•	
  Reusability	
  (unclear	
  but	
  >	
  0%)	
  
•	
  Risk	
  minimization;	
  if	
  something	
  goes	
  wrong,	
  no	
  
disaster	
  

•	
  Modularity	
  (update	
  detectors;	
  fly	
  spectrograph)	
  
!
How	
  much	
  science	
  return	
  for	
  e.g.	
  Flagship	
  mission	
  
money?	
  Answer	
  early	
  next	
  year…


